The concepts of "digital skills" and "digital competences" are key terms in the discussion related to the type of skills people need nowadays not only in terms of digital inclusion in the society but also in terms of employability. According to the latest definition by the European Union, digital skills "can be broadly understood as the ability to locate, organise, understand, evaluate, create and share information using digital technology, at different levels of competence" (European Commission, 2017). The rapid development of information and communication technologies (ICT) bring major transformations with respect to the individual's integration in society and employability. The paper analyses the 28 member states of the European Union (EU) from the perspective of the pesons' digital skills and employability in the science, technology (including the ICT) sectors over the period 2015 -2017. The paper covers the following areas of research: (1) Overall digital skills, computer skills, internet skills of individuals in the EU 28; (2) Human capital with advanced and specialist digital skills in ICTin the EU 28; (3) Evolution of the digital competitiveness of the EU 28 member states from the perspective of human capital over the period 2015-2017. Quantitative and qualitative research methods were employed for data collection and analysis: database research and analysis; statistical analysis; content and thematic research and analysis from policy papers and reports.
Introduction
In May 2017, the European Commission published a study regarding the use of IT / digital technologies in the workplaces in the EU, looking more closely at the digital skills required and currently existent (European Commission, 2017). As the information and communication (digital) technologies are more and more used by companies and organizations across the world, and thus the jobs are becoming partially or totally digital, the requirements imposed on the workers' skills are changing (Burton, 2015) , (Digital Technology, 2017) . It becomes evident for employers that an effective and efficient use of the digital technologies in the workplace must be accompanied by appropriate digital competences of the workforce. Equally, the daily life becomes more and more connected to information and communication (digital) technologies, and we all seem to need certain digital competences, even at basic level.
The concepts of "digital skills" and "digital competences" are becoming key terms in the discussion related to the type of skills people need nowadays not only in terms of digital inclusion in the society but also in terms of employability (European Commission, 2016), (Ferrari, 2013) Until now there is, however, no common definition agreed upon for digital skills or digital competences. Different terms with sometimes different interpretations are currently used in literature, with the general understanding that they refer to the
Overall digital skills, computer skills, internet skills of individuals
The study of literature (policy documents, academic literature and learning practices) revealed the existence of several conceptual framework for digital skills and components, which have a twofold objective: (1) the assessment and measurement of digital competences and (2) understanding the development of digital competences among citizens (Y. Eshet-Alkalai, E. Chajut, 2010), (OECD, 2013) , (Ecorys UK, 2016) . The EU Digital Agenda for Europe, which envisaged the development of "EU-wide indicators of digital competence and media literacy", led to the development of the DigComp framework on digital competence (European Commission, 2010), which was designed to help policymakers formulate appropriate education and lifelong learning policies.
Surveying the literature, it is possible to identify three main categories of digital skills, which can be found in different frameworks for the measurement or development of digital competences. These three categories apply to different types of abilities and users (European Commission, 2017): "a). Basic digital literacy skills allow individuals to become digitally literate; these skills can be applied both to the workforce and generally to individuals in knowledge and digital society; b). Digital skills which relate to employment, encompassing basic skills plus skills which are needed in a workplace and generally are linked to the use of ICT applications developed by professionals of information technology; c). Digital skills for ICT professions, which include both categories above and the skills needed in the ICT sector as well as having an innovative and creating component, as linked to the ability to develop new digital solutions, products or services." Among the conceptual frameworks that manage the digital skills, a number of them focused on individual skills, needed in everyday life including employment (i.e. basic digital literacy skills and digital skills which relate to employment from above), however more such frameworks only looked at the skills of ICT workforce. Table 1 summarises the most used conceptual frameworks for generic, specialist and complementary digital skills. "Advanced digital skills: skills linked to 'the creation and/or strategic exploitation of new digital applications, including more advanced programming and coding involved in the creation of new software, etc., but they also cover the strategic business skills needed to convert ideas into successful commercial projects and ventures'; Intermediate-level digital skills: these involve 'skills needed to implement and manage on a dayto-day basis the applications developed by those with advanced skills, but they may also provide contributions to the development of digital content, provision of system support and maintenance, etc.'; Entry-level digital skills: skills related to 'the use of digital applications designed, developed and promoted by others: involving for example searches for and/or the capturing and recording of digital data across a wide variety of business and public services, the administration of databases, the monitoring of data, contributing to the management of digital content, etc.'."
UKforCE -2014 (UKforCE, 2014) "Digital Muggle: No digital skills required -digital technology may as well be magic; "Digital Citizen: the same work skills as are required to be a full digital citizen. This is the ability to use digital technology purposefully and confidently to communicate, find information and purchase goods/services; "Digital Worker: substantially more digital skills than those required for full digital citizenship but less than those of a Digital Maker. This includes, at the higher end, the ability to evaluate, configure, and use complex digital systems. Elementary programming skills such as scripting are often required for these tasks; and Reference Digital skills framework "Digital Maker: skills to actually build digital technology (typically software development). The Digital Maker category is interpreted quite broadly to include, at the low end, for example, workers who regularly create complex Excel macros or data files for controlling 3D printers'"
There are many computer and internet skills identified and measured at EU level. For example, Eurostat lists 37 computer skills and 19 internet skills when measuring individual's level of competence (Eurostat, 2017a) , (Eurostat, 2017b) . In accordance with the OECD classification of basic, advanced and specialist digital skills mentioned by OECD (OECD, 2004) , the computer and internet skills that are measured at EU level refer to low and basic activities (such as using a mouse to launch an internet browser or word processor; copying or moving files or folders; using word processing software; using copy and cut and paste tools to duplicate or move information on screen; using a search engine to find information; sending an email with attached files; create a spreadsheet (e.g. Excel); communicate through ICT using email, social media, Skype/videocalls), advanced activities (for example, writing a code in a programming language; use software for design, calculation or simulation; programme and use CNC machines 1 ; programme and use robots) and specialist activities (for example, programming and software development; design and maintain ICT architecture for the workplace, connecting computers to a local area network) (European Commission, 2017).
In The ICT skills (digital, computer, internet) are obtained through formalised education (school, college, university, etc), through training courses and adult education centres, on own initiative or on demand from the employer, through self-study using books, cd-roms, etc. or through informal assistance from colleagues, relatives in friends and some other ways. In 2011 1 , most of the individuals in the EU 28 obtained their IT skills through formalised education (i.e. 28% of all individuals), followed by training through self-study using books, cd-roms, etc (21% of all individuals). The training courses and adult education centres at own initiative and at the demand of the employer were used in almost equal shares (13% and 14% of total population) (Eurostat, 2011) . Analysing the status in the workforce of persons with ICT education and training, regardless of the level of education attained and ICT/digital skills obtained, Germany has the highest number of persons with ICT education active & employed, followed by the United Kingdom, Poland and France (Eurostat, 2018b) ( Figure 3 . 
Human capital with advanced and specialist digital skills in the ICT in the EU 28
Advanced digital activities (and corresponding digital skills) are mainly related to the use software for design, calculation or simulation, programme and use CNC machines and programme and use robots, whilst specialist digital activities (and skills) refer to undertake programming and software development and design and maintain ICT architecture for the workplace (European Commission, 2017). With few exceptions, almost all EU28 countries increased their percentage of individuals having above digital skills (advanced and specialist) over 2015-2017, with top performers in 2017 Luxembourg, Netherlands and Denmark (Eurostat, 2018a) .
The data about advanced and specialist digital skills is generally consistent with the graduates in the fields of information and communication technologies (ICT) in the EU28, including computer use, database and network design and administration, software and applications development and analysis, and inter-disciplinary programmes and qualifications involving information and communication technologies (according to ISCED-F-2013 fields of education and training) (UNESCO -Institute for Statistics, 2015). In 2015 1 , the EU 28 countries with the highest percentage of advanced and specialist ICT tertiary graduates from the total number of tertiary graduates (ISCED 11, levels 5-8, (UNESCO -Institute for Statistics, 2012)) were Malta, Finland, Ireland, Romania (Eurostat, 2017c) ( Table 2 ). It is, however, interesting to observe that although they have a high percentage of ICT tertiary graduates, Malta, Romania, Ireland are not very high when it comes about the actual advanced and specialist digital skills (see Table 2 and Figure 3) . A possible explanation for this fact is that there is a mismatch between the ICT skills provided by the high education institutions and those required and employed later on in the workplace. Advanced and specialist ICT / digital jobs and activities in organisations in the EU28 are considered, for example, the maintenance of ICT infrastructure, the support for office software, the development of business management software/systems, the development of web solutions, the security and data protection (Eurostat, 2017d) . In order to have an image of what happens with the ICT specialist graduates after they finalise their studies (ISCED 2011, levels 5-8), the number of total ICT tertiary graduates in 2015 was compared with the number of total persons employed in ICT specialist positions in organisations across EU28 in 2016. The comparison serves only to provide a broad image of the flow of ICT tertiary graduates into the labour market, since there exists no clear correlation in the EU28 between graduates and their place of employment after graduation. A more correct comparison can be made when referring to the total population per country (Eurostat, 2017c) (Eurostat, 2017d) . It is noticeable that the number of jobs requiring advanced and specialist ICT/digital skills, and persons employed, increased from 2015 to 2016 in almost all EU28 countries Table 2 ). The highest increase in the number of advanced and specialist ICT/digital jobs in 2016 compared to 2015 was registered in Spain (almost 131 000 more people employed as ICT specialists in 2016 compared to 2015), followed by Germany (about 76 000 more ICT specialists employed in 2016), United Kingdom (about 66 000 more ICT specialists) and France (about 54 000 more ICT specialists) ( Table 2 ). Compared to the total population, the EU28 countries with the highest percentage of employed ICT specialists in 2016 were Sweden, Finland, Estonia, Netherlands, United Kingdom, Austria and Denmark, whilst Cyprus, Romania and Greece are the countries with the least ICT specialists employed compared to the total population. In general, it can be noted that there much fewer persons employed in ICT / digital specialist jobs than the number of ICT tertiary graduates, ISCED 2011, levels 5-8. For example, United Kingdom has the highest number of ICT tertiary graduates in 2015 in the EU28 (i.e. 26 741 000 persons), however the total number of people employed in ICT/digital specialist jobs in 2015 (which include ICT tertiary graduates of other years as well) was only 1 542 100 individuals. If to correlate broadly the number of ICT tertiary graduates in 2015 with the number of persons employed in ICT/digital specialist positions, it can be noted that the countries that employ most of their ICT tertiary graduates in specialist ICT jobs are Belgium, Luxembourg, Portugal, Sweden and Hungary (Table 2 ). EU28 countries that do not appear to make good use of their ICT tertiary graduates by employing them in ICT/digital specialist jobs are Ireland, Malta, Romania, Spain, Poland and Croatia.
Evolution of the digital competitiveness of the EU 28 member states from the perspective of human capital over the period 2014-2017
In 2014, the European Commission launched the Digital Economy and Society Index (DESI) as a composite index of five main indicators deemed relevant for assessing European Union performance in digital competitiveness (European Commission, 2014 . The structure of the composite DESI is presented in Figure 4 . 
Conclusions
The EU 28 countries with the highest number of individuals with basic digital skills during 2015-2017 (over 30% of individuals) are Czech Republic, Cyprus, Netherlands, Austria, Germany, Sweden.
The EU28 countries with the highest number of individuals with advanced / specialist digital skills in 2015 (over 45% of individuals) are Luxembourg, Netherlands, Denmark, Sweden, United Kingdom, Finland.
The EU28 countries with the highest number of ICT tertiary graduates in 2015 (no further data available; no data available for Greece and Netherlands) are United Kingdom, Germany, France, Spain, Poland, Italy. Looking at the combined data analysed in the paper, the most performant EU28 countries in terms of digital competitiveness from the perspective of human capital during 2014-2017 are United Kingdom, Netherlands, Germany. Although they have a high number of ICT tertiary graduates, countries such as Bulgaria and Romania fail at employing them nationally in ICT/digital specialised jobs. In addition, despite the high number of ICT graduates, these countries do not perform in terms of basic or advanced digital skills of individuals, being found consistently at the lower end of the digital competitiveness scale from the perspective of human capital over 2014-2017.
Footnotes:
1 Computer numerical control (CNC), https://en.wikipedia.org/wiki/Numerical_control 2 2011 is the last year for which there are recordings in the Eurostat database for this indicator (Eurostat, 2011) 3 At the time of the research, 2015 was the last year with recorded data available in Eurostat, (Eurostat, 2017c) . No data was available for Greece and Netherlands.
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